Visualization of the homologous pairing of DNA catalyzed by the bacteriophage T4 UvsX protein.
The uvsX gene product is essential for DNA repair and general recombination in T4 bacteriophage. The ability of UvsX protein to catalyze the homologous pairing of single-stranded DNA (ssDNA) with double-stranded DNA (dsDNA) in vitro was examined by electron microscopic (EM), nitrocellulose filter binding, and gel electrophoretic methods. Optimal joining was observed at ratios of UvsX protein:ssDNA of 2 nucleotides/protein monomer. At this level, the ssDNA was fully covered by UvsX protein as seen by EM, while the dsDNA appeared protein-free. Using this stoichiometry, the pairing of circular ssDNA with homologous supertwisted dsDNA was found to produce a high frequency of complexes in which a supertwisted dsDNA molecule was joined to a UvsX protein-ssDNA filament over a distance of less than 100 base pairs. These joints were labile to deproteinization and must have been paranemic. Pairing of linear ssDNA containing buried homology to the dsDNA produced identical structures. Pairing of fully homologous linear ssDNA and supertwisted dsDNA yielded D-loop joints (plectonemic) as seen by EM following deproteinization. Both the paranemic and the plectonemic joints were at sites of homology, as demonstrated by restriction cleavage of the complexes. Visualization of the joined complexes prior to deproteinization showed that 50% of the joints had the architecture of the paranemic joints, whereas in the remainder, a topologically relaxed dsDNA circle merged with the UvsX protein-ssDNA filament for a distance of 450 base pairs. The structure of the filament was not visibly altered in this region. These observations are similar, but not identical, to findings in parallel studies utilizing the RecA protein of Escherichia coli.